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FCHEA Roadmap

http://www.fchea.org/us-hydrogen-study
Fuel Cell and Hydrogen Energy Association (FCHEA)
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H2@Scale: Technical & Economic Potential

196 page report
From Hydrogen 
& Fuel Cells 
Office
Released:
October 2020
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DOE EERE HFTO Hydrogen Program Plan

https://www.hydrogen.energy.gov
/roadmaps_vision.html
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HFTO Program Roadmap



FY21 Senate Mark for HFTO: $150M
• not less than $45,000,000 for technologies to advance hydrogen use for heavy-duty transportation and 

industrial applications.
• $45,000,000 for Hydrogen Fuel Research and Development for efforts to reduce the cost and improve 

the performance of hydrogen generation and storage systems, hydrogen measurement devices for 
fueling stations, hydrogen compressor components, and hydrogen station dispensing components.

• $25,000,000 is recommended for Hydrogen Infrastructure Research and Development with emphasis on 
large-scale hydrogen production including liquefaction plants, hydrogen storage, and development of 
hydrogen, including pipelines.



Dr. Sunita Satyapal, HOC (Hydrogen Online Conference), Mission Hydrogen-October 8, 2020
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Conceptual H2 at Scale Energy System* 

*Illustrative example, not comprehensive

Multi-sector:
• Transportation 
• Industrial
• Grid
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Dr. Sunita Satyapal, HOC (Hydrogen Online Conference), Mission Hydrogen-October 8, 2020





Los Alamos National Laboratory

Fuel Cell R&D at Los Alamos
• One of longest running non-weapons 

programs at LANL (since 1977)
– The first fuel cells for 

transportation program
• The current DOE HFTO program 

grew out of the original Los Alamos 
program

• LANL has the top world-wide 
citation record in Fuel Cell R&D

• Cost and durability remain the biggest 
barriers to commercialization

• Program focus is obtaining 
fundamental understanding to enable 
“knowledge-based innovation,” and 
subsequent materials and process 
development

An electrochemically active reaction site 
must have reactant access to catalyst, 
available electronic and ionic conduction 
paths, and manage water
US Patents #4,876,115, #5,211,984 and #5,234,777

LANL Enabling Breakthrough Thin Film Electrode

LANL’s innovation in fuel cells technology has played a critical role in 
the technical viability of fuel cell stacks for FCEVs. 

 Every Fuel Cell Vehicle relies on technology developed at  LANL



Los Alamos National Laboratory

LANL Program: PEMFC Materials Emphasis
Component level research in all PEMFC relevant areas

• LANL Currently Leads Projects That Focus on Stack Components
• M2FCT (Million Mile Fuel Cell Truck)
• ElectroCat 2.0 Consortia (PGM-free electrocatalysis)
• Low-PGM Electrocatalysis
• Electrode and MEA Design (Membrane Electrode Assembly)
• Alternative membranes (Alkaline, High Temperature)
• Water transport (Novel GDL Materials)
• Hydrogen Safety Codes & standards; sensors; fuel quality
• Miniature Fuel Cell Stacks (NNSA funded)

Length scale

Prior projects and capabilities include:
• Alternative Fuel Cells: DMFC and DDMEFC
• Bipolar Plates
• Impurity effects on fuel cell performance
• On-board H2 Production, H2 Storage Center

of Excellence….

Related Projects:
• Reversible Fuel Cells and Water 

Electrolysis
• Energy Storage (Flow Batteries/Flow 

Cells)



DOE recognizes LANL as a critical capability to advance fuel 
cell performance and durability

MPA-11 is also testing a mini 
fuel cell for a stockpile 

application and collaborating 
with GS to support potential 

cubesat missions

Project Focus: PGM-free catalysts for 
automotive fuel cells

Fuel cell system targets set to 
be competitive with ICEVs.

Durability and Cost are the 
primary challenges to fuel cell 

commercialization                        
and must be met concurrently

Rod Borup is Director 
of the Consortium for 
Fuel Cell Performance 
and Durability

Piotr Zelenay is 
co-director of 
the new 
consortium: 
ElectroCat
– part of the 
DOE Energy 
Materials 
Network (EMN)

5-Year Multi-lab consortium



Zero-Emission Vehicles
• Norway 2025, Denmark 2030, Netherlands 2030, Sweden 2030, India 

2030, France 2040, United Kingdom 2040, Sri Lanka 2040, China (no 
date set), Canada - British Columbia (2040). In the United States, 
municipalities such as Seattle (2030) and Los Angeles (2030) have 
announced bans.  Now California.

September 2020
June 2020



Brian Lindgren,  Kenworth Truck Company, California Hydrogen Business Council (CHBC), 
April 14, 2020



Los Alamos National Laboratory

Target Comparison between Light-Duty and Heavy-Duty



Los Alamos National Laboratory

Million Mile Fuel Cell Truck (M2FCT)
5 year, $10M per year Consortium ($50M total)
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Improving Economics of Renewable Electrolytic H2

0.0
Capacity Factor

Cost of Electricity
Capital Cost

Efficiency (LHV)

Intermittent 
integration

R&D 
Advances

1 kg H2 ≈
1 gallon of gasoline 

equivalent (gge)
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H2NEW

LTE PI Lab Expertise in H2NEW 
Bryan Pivovar NREL Director (LTE) H2NEW, degradation mechanisms, MEA 

fabrication, membranes, benchmarking 

Debbie Myers ANL 
Deputy Director for Durability Thrust.  In situ catalyst 
degradation studies, in situ and operando X-ray studies of 
materials, inks, electrodes, and cells 

Nemanja 
Danilovic LBNL 

Deputy Director for Performance and Integration Thrusts.  
Electrified interfaces engineering and characterization, 
component characterization, operando x-ray characterization 

Rajesh 
Ahluwalia ANL 

Cell modeling, system and technoeconomic analysis, 
performance and durability analysis, degradation mechanisms, 
electrode structure characterization 

Siddharth 
Komini Babu LANL Operando neutron imaging, MEA integration, contaminants 

Rangachary 
Mukundan LANL ASTs, degradation mechanisms, electrode design, MEA 

integration, contaminants 

Ahmet Kusoglu LBNL Ionomer structure/function relationships, mechanical properties, 
x-ray studies 

Adam Weber LBNL Multiscale modeling, component characterization, ink 
interactions 

Shaun Alia NREL ASTs, degradation mechanisms, electrocatalysis, MEA 
integration 

Guido Bender NREL Benchmarking, advanced diagnostics, PTL, MEA integration 
Mark Ruth  NREL Systems and technoeconomic analysis 
Mike Ulsh NREL Roll to roll, ink studies, electrode fabrication, scale-up 
Dave Cullen ORNL Ex-situ characterization, advanced microscopy 
David Wood ORNL Roll to roll, electrode fabrication, water transport 
 

GOAL: Address components, materials integration, and manufacturing R&D to enable manufacturable 
electrolyzers that meet required cost, durability, and performance targets, simultaneously, in order to enable $2/kg 
hydrogen.

Tasks

People / ExpertiseOrganization Structure

Stakeholder 
Advisory 

Board (SAB) Deputy Director (LTE) 
Durability and AST 
Development and 

Validation 
Debbie Myers

Task 3 Liasons for LTE 
Scale Up

M. Ulsh, D. Wood

Task 2 Liaisons for LTE 
Performance

G. Bender, A. Weber

FOA Projects

Outreach

Data

Task 1 Liasons for 
LTE Durability

S. Alia, R. Mukundan

Director (LTE)
Bryan Pivovar

Deputy Director (LTE) 
Integration and Protocol 

Validation
Nem Danilovic

H2NEW Co-
Director (HTE)

Richard 
Boardman







Los Alamos National Laboratory

Electrochemical HCD technology

Currently: Fuel quality must be measured using 
expensive analytical instrumentation and situated 
inside refrigerated enclosures; e.g. NDIR or laser 
spectroscopy and not in real-time.

LANL Field testing new HCD technology at H2F: 2018-2019

LANL
HCD module

~ $5K

Gamry Reference 
600 Potentiostat

$17.5K

MKS mass flow 
controller
~$1.5K

• Expensive
• Calibration intensive
• Sensitive to ambient 

environment
• Does not necessarily 

measure fuel quality 
delivered to customer

• H2F system suffers 
from continuous drift

FY2020-21 DOE TCF Project

• 1.5 year field trials test

• Holds calibration for more than 
a year.

• Negligible baseline drift.

• Detects CO and H2S at SAE 
J2719 standard.

• Expected to measure any 
contaminant that poisons a 
fuel cell

Present retail materials cost of the HCD system has been reduced to less than 
$1200 from $24,000 including a bi-polar Peltier temperature control system.

Eric Brosha
Chris Romero
Mahlon Wilson
R. Mukundan
Cortney Kreller
Tommy Rockward

Skyre and H2Frontier

Hydrogen Safety Sensors



26









Los Alamos National Laboratory

LANL Hydrogen & Fuel Cell Program

• LANL Currently Leads Projects That Focus on Stack Components
• M2FCT (Million Mile Fuel Cell Truck)
• ElectroCat 2.0 Consortia (PGM-free electrocatalysis)
• Materials: advanced membranes, catalysts, ….

• LANL Involved in Low-Temp Electrolysis (H2NEW)
• Lead durability effort
• Materials: advanced membranes, catalysts, ….

• LANL led Hydrogen Chemical Storage Center of Excellence
• System leader for Hydrogen Engineering Storage Center of Excellence

Length scale



Supplemental
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Dr. Sunita Satyapal, HOC (Hydrogen Online Conference), Mission Hydrogen-October 8, 2020



Los Alamos National Laboratory

M2FCT Collaborators & Project Support

Membranes for Heavy-Duty 
Applications

Domestically Manufactured Fuel 
Cells for Heavy-Duty Applications

New Heavy Duty Project/Partners



Fuel Cells - Worldwide Developments

Japanese H2 infrastructure of ~ 200 refilling stations by 2015
China spent ~ Rmb85bn ($12.4bn) supporting fuel cell powered vehicles in 2018:

Mix of national and local subsidies.
China has $17 billion worth of announced investments through 2023.



Operated by Triad National Security, LLC for the U.S. Department of Energy's NNSA

~ Major auto companies have fuel cell vehicle programs including above, plus BMW, 
Volkswagen, Ford, Honda, Hyundai, ….

Secretary of Energy Rick Perry
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Kurt Wellenkotter, General Motors, 232rd Meeting of the Electrochemical Society (2017)





46

Hydrogen End Use Applications
Drivers for Demand

Oil Refining
• Quality of crudes

• Air quality (removal of sulfur and aromatics)
• Demand for gasoline

Ammonia
• Demand for food crops
• Demand for biofuels

• Emerging applications, such as NOx control
• Demand for liquid carriers

Metal Refining
• Lower cost feedstock (recycled scrap)

• Cyclability
• Scalability

• Purity of resulting iron 

Technical and Market  Needs

• Low-cost distributed H2 production
• Co-electrolysis for methanol synthesis
• Identification of opportunities to use 

O2 from electrolysis
• Valuation of renewable H2 in regulatory 

frameworks
• Creation of “Sustainability Index” for 

investors
• Engineering of DRI reactors to manage 

kinetics in H2 
(e.g. flash ironmaking technology)



Heavy-Duty, Buses

Toyota, Nikola, Ballard, UTC



Operated by Triad National Security, LLC for the U.S. Department of Energy's NNSA

Well-to-Wheels Greenhouse Gases Emissions for 2035 Mid-Size Car
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*Compared to 2035 gasoline vehicle
**Compared to 2012 gasoline vehicle

FCEVs Reduce Greenhouse Gas Emissions

Substantial GHG reductions with H2 produced from renewables

2012 Gasoline

Gasoline

Distributed NG

NG (Central) with 
Sequestration

Coal Gasif. (Central) 
w/ Sequestration

Biomass Gasif. 
(Central)

Electricity from 
wind

Well-to-wheels CO2 emissions/mile>50% 
with H2 from 
Distributed 
Natural Gas*

>80% 
with H2 from
Renewables*
(Wind)

>90% 
with H2 from
Renewables**
(Wind)

Source: http://hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf

H2 from:

Advanced 2035 technologies

http://hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf


Fuel Cells Show High Efficiency and a Large 
Range of Power Levels for Energy Conversion

Toyota Mirai fuel cell car shows ~ 62% 
efficiency
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Hydrogen Storage and Distribution

Liquefiers

Examples of Research Needs

• Delivery and Storage
 High-throughput compression for 

pipelines
 Purification technologies to enable 

co-leveraging of infrastructure
 Liquid carriers

• Liquefaction
 Advanced expanders and 

compressors for mixed refrigerants
 Non-mechanical approaches (e.g. 

magneto-caloric materials, thermo-
acoustics)

 Small-scale technologies

• Cross-Cutting
 Capture of H2 from existing process 

streams (e.g. chlor-alkali plants)
 Development of skilled workforce

> 25 H2
Fueling 
Stations

1,600 miles of 
H2 pipeline

Current Status
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